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through childhood (Lavigne et al., 2001; Pihlakoski et al., 2006) . ODD is associated with a number of negative and costly outcomes, such as poor family relations, academic problems, and high comorbidity with other disruptive behavior problems including conduct problems, aggression, and hyperactivity-impulsivity (Campbell, Spieker, Burchinal, Poe, & National Institute of Child Health and Human Development Early Child Care Research Network, 2006; Posner et al., 2007; Spira & Fischel, 2005) .
Several conceptualizations of ODD have been proposed. Although DSM-IV-TR proposed just one set of symptoms for ODD (APA, 2000) , DSM-5 divides the symptoms of ODD into three domains: angry/irritable (three symptoms: loses temper, touchy, angry), argumentative/ defiant (four symptoms: argues, defies, annoys others, blames others), and spiteful (one symptom; APA, 2013) . Further, recent bifactor modeling by Burke and colleagues (2014) suggests an alternative conceptualization of ODD that instead divides it into two domains: affective, or irritable (three symptoms: loses temper, touchy, angry) versus behavioral (five symptoms: argues, defies, annoys others, blames others, spiteful). Therefore, one-, two-, or three-cluster solutions may be reasonable.
In support of subdividing these symptoms into domains, theoretical and empirical work by Stringaris and Goodman (2009) suggests that ODD symptom domains exhibit differential patterns of associations with comorbid disorders. For example, angry/irritable ODD symptoms during childhood predict the development of internalizing and emotional disorders, such as depression, whereas argumentative/defiant ODD symptoms predict later attention-deficit/hyperactivity disorder (ADHD), conduct disorder (CD), delinquency, and callous-unemotional traits (Burke, Hipwell, & Loeber, 2010; Stringaris & Goodman, 2009; Whelan, Stringaris, Maughan, & Barker, 2013) . Prior work suggests the vindictive symptom domain exhibits no specific longitudinal associations with particular disorders or outcomes. However, the vindictive symptom domain is theorized to be a better indicator of the later development of CD than the argumentative/defiant domain (Stringaris & Goodman, 2009; Whelan et al., 2013) . Finally, theory suggests that negative affect, and irritability in particular, may be at the core of ODD symptoms, explaining the disorder's comorbidity with many other disorders, including mood disorders, other disruptive behavior problems, and ADHD (Burke, Hipwell, & Loeber, 2010; Martel, 2009; Stringaris & Goodman, 2009 ).
The current study utilizes a novel approach to examining the division of ODD symptoms through use of network analysis. This type of analysis provides unique insights into how symptoms of a disorder relate to each other and which symptoms cluster together (Borsboom & Cramer, 2013) . It also provides information about which symptoms are core, or most central, to the overall network of symptoms. The current study is the first to empirically examine how ODD symptoms cluster. Specifically, we evaluate whether ODD symptoms appear to best cluster into one overall, two (affective versus behavior) or three (angry/irritable, argumentative/defiant, and spiteful) groups, as well as whether affective and irritability symptoms form the core of the ODD symptom cluster. 
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Methods

Participants
Overview-Participants were 109 preschoolers between the ages of 3 and 6 (M=4.34 years, SD=1.08) and their primary caregivers (hereafter termed parents for simplicity; 67% mothers with the remaining 33% fathers+mothers together, fathers only, foster parents, or grandmothers with guardianship). As shown in Table 1 , 59% of the sample was male, and 36% of the sample represented an ethnic or racial minority (28% African American), coded dichotomously (0=non-Hispanic Caucasian; 1= any ethnic or racial minority). Family income ranged from below $20,000 to above $100,000 annually. Parental highest educational level ranged from grade school to doctorate, and family employment ranged from unemployed to full-time weekly.
Based on multistage and comprehensive diagnostic screening procedures (detailed below), preschoolers were recruited into two groups: those with Disruptive Behavior Disorders (DBD; n=79), subdivided into those with ADHD-only (n=18), Oppositional-Defiant Disorder (ODD)-only (n=18), and ADHD+ODD (n=43); and children without DBD (n=30).
For more details about the demographics of each group see Table 1 . The non-DBD group included preschoolers with minimal and subthreshold symptoms to provide a more continuous measure of symptoms, consistent with research suggesting that DBD may be better captured by continuous dimensions than categorical diagnosis and to be sensitive to the young age of the sample (Haslam et al., 2006; Marcus & Barry, 2011) . No siblings were included.
Recruitment and Identification-Participants were recruited from an urban, Southern United States community primarily through direct mailings to families with children between the ages of three and six and internet postings, as well as through advertisements in newspapers and flyers posted at doctors' offices, community centers, daycares, and on campus bulletin boards. Two sets of advertisements were utilized; one set of advertisements targeted children between ages 3 and 6 with disruptive behavior problems and/or attention problems and a second set of advertisements targeted children between ages 3 and 6 without these types of problems. After recruitment, all families passed through a multi-gated screening process. An initial telephone screening was conducted to rule out children prescribed psychotropic medication or children with neurological impairments, intellectual disability, psychosis, autism spectrum disorders, any seizure history, head injury with loss of consciousness, or other major medical conditions. Only 10 families were screened out at this phase.
Families were mailed teacher/caregiver questionnaires one week prior to the laboratory visit and instructed to provide the questionnaires to children's teacher, daycare provider, or babysitters who then mailed the completed questionnaires back to the university. When available (i.e., available on 50% of participating families), teacher/caregiver report on DBD symptoms was obtained via report on the Disruptive Behavior Rating Scale (DBRS; Barkley & Murphy, 2006) . Response rate did not differ based on child DBD diagnostic group, χ 2 (3) = .59, p = .90, ethnic/racial minority status, χ 2 (1) = 1.73, p = .19, or family income, t(97) = 1.82, p =.07. (Leblanc et al., 2008) . In the current study, fidelity to interview procedure was determined by calculation of reliability of blind interviewer ratings of DBD symptoms on a randomly-chosen 10% of families. Inter-rater clinician agreement was adequate for symptoms (ICC=.97). All families were compensated $50 for their participation.
Ultimately, clinical diagnoses and groupings were determined by the Principal Investigator, a licensed clinical psychologist, after a review of parent ratings on the KDBDS and (when available) teacher/caregiver ratings on the DBRS, consistent with current best practice guidelines for current diagnosis (Pelham et al., 2005) .
Measures
Symptom Counts-Parent and teacher/caregiver reports on symptoms were available via the Disruptive Behavior Rating Scale (DBRS; Barkley & Murphy, 2006) , which assesses symptoms using a 0 to 3 scale for a more continuous dimension. Symptom domain scores were calculated as sums of scores within each diagnostic subdomain (ODD symptoms, inattentive ADHD symptoms, hyperactive-impulsive ADHD symptoms). The DBRS has high internal consistency ranging from .78 to .96 in the preschool age range (Pelletier, Collett, Gimple, & Cowley, 2006) . All scales for parent and teacher/caregiver report on the DBRS had high internal reliability (all alphas > .92) in the current sample. Primary analyses were conducted using parent report on the DBRS to maximize power.
Data Analytic Plan
A series of networks were computed using the R package qgraph (Epskamp, Cramer, Waldorp, Schmittmann, & Borsboom, 2012) . We used the portion of the script and followed procedures provided in the supplemental materials from Borsboom and Cramer (2013) . Networks were not specified to be directional, nor did we set a predetermined number of paths or strength of correlations. The ODD symptom networks were computed and then visualized using different colors to represent 2-and 3-symptom clusters, based on Burke (2014) and DSM (APA, 2013) recommendations respectively. Networks can be visually inspected to examine clustering and identify core symptoms. Statistical indices, called measures of centrality, were calculated to quantify aspects of the network, particularly node centrality, using the tnet package in R (Freeman, 1979; Opsahl, Agneessens, & Skvoretz, 2010) . We used two indices of centrality: Closeness and Degree. Closeness represents the inverse of the sum of distance to all other nodes; higher numbers indicating that a node is more central to the network relative to the other items. Degree represents the sum of the weights of the relations with which a node is involved and captures the strength of the 
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Results
The ODD symptom network can be viewed in Figure 1 . First, this network was visualized using DSM-5 recommendations of three ODD symptom clusters: angry/irritable (three symptoms: loses temper, touchy, angry), argumentative/defiant (four symptoms: argues, defies, annoys others, blames others), and spiteful (1 symptom). As can be seen in Figure 1 , symptoms seemed relatively evenly disbursed throughout the network, and centrality indices ranges were relatively small (closeness=.1409-.1442; degree=4.144-4.350). Visually, angry was the clear central, or core, symptom, in the middle and linking all other symptoms. This was also evident through measures of centrality which were high for angry (closeness=. 1434; degree=2.276), as well as for annoys (closeness=.1442; degree=4.350) and argues (closeness=.1431; degree=4.281). The angry/irritable symptoms appeared to form the midline of the cluster being linked and directly between all other symptoms. Argumentative/ defiant symptoms formed the outside of the cluster, scattered around the angry/irritable symptoms. Spiteful was linked to angry, loses temper, and argues, and looked more removed than many of the other symptoms in the cluster. This impression was confirmed with indices of central, as spiteful showed the lowest indices of central with closeness of .1411 and degree of 4.134, along with blames (closeness=.1409; degree=4.144).
Next, the ODD symptom network was visualized based on Burke's (2014) bifactor findings of two ODD symptom clusters: affective, or irritable (three symptoms: loses temper, touchy, angry) versus behavioral (five symptoms: argues, defies, annoys others, blames others, spiteful). As shown in Figure 2 , this network is identical to the prior network, just differing in the colors in which symptoms are visualized. Similar to the Figure 1, Figure 2 suggests that affective, or irritability, symptoms form the midline of the cluster with the behavioral symptoms falling along the periphery. Yet, based on centrality indices, angry, annoys, and argues form the center of the cluster rather than angry, touchy, and temper as Burke's model would suggest. Therefore, overall, network analysis appears to provide slightly more support for the DSM-5 three-cluster model than the Burke two-cluster model.
Discussion
Network analysis of ODD symptoms suggests that ODD symptoms form a relatively homogenous network of which angry is a central symptom. Other affective or irritable symptoms also appear to be relatively central to the network with behavioral symptoms falling along the periphery, particularly spiteful. Results could be viewed as consistent with DSM-IV-TR (2000) one-cluster, DSM-5 (2013) three-cluster, or Burke's (2014) two-cluster model of ODD symptoms, but perhaps provide most support for the DSM-5 (2013) threecluster solution. In addition, results support the idea that negative affect, particularly anger, form the core of the ODD symptom network during preschool.
symptoms provides some support for Burke's (2014) bifactor model. Finally, spiteful seemed somewhat removed from most of the other ODD symptoms, providing some support for the DSM-5 three-cluster solution. Therefore, these findings may be most in line with recent hierarchical models that suggest that one-, two-, and three-cluster models may differentially fit the data depending on the level of analysis (Markon, 2010 ). Yet, the DSM-5 three-cluster solution seems best supported based on the relative centrality of affective symptoms and relative remoteness of the spiteful symptom in the preschool ODD symptom network. Validation of these different clustering solutions with external validation criteria will be an important next step since prediction of the development of comorbid problems is particularly important.
Regardless of the cluster solution used, results clearly suggest that negative affect is the core of the ODD symptom cluster (Burke, Hipwell, & Loeber, 2010; Martel, 2009; Stringaris & Goodman, 2009 ), particularly angry. Therefore, anger may be driving many of these other affective and behavioral symptoms. This is in line with recent work suggesting the importance of irritability in ODD, externalizing problems, and psychopathology in general (Burke et al., 2014; Burke, Hipwell, & Loeber, 2010; Leibenluft, Blair, Charney & Pine, 2003; Stringaris, 2011) . This is also consistent with temperament theory suggesting negative emotionality is related to deficits in self-regulation and behavioral problems, including antisocial behavior and criminal justice involvement (DeLisi & Vaughn, 2014) . As a result, preschool interventions for ODD symptoms might effectively focus on trying to teach parents how to coach their children in emotion regulation strategies in addition to focusing on parental behavioral management of behavioral problems (Eyberg, Nelson, & Boggs, 2008) , although validation of such approaches in preschool are needed.
Additionally, results might shed some light on the controversial addition of Disruptive Mood Dysregulation Disorder (DMDD) to DSM-5, which is defined by two symptoms: irritableangry mood and temper outbursts (APA, 2013) . Those who meet criteria for both DMDD and ODD are only given the diagnosis of DMDD. However, current results suggest that angry forms the core of ODD, with other affective symptoms, including loses temper, being directly linked to all other symptoms. Therefore, results suggest that the two symptoms of DMDD are the core symptoms of ODD, which may drive all other symptoms. Exploratory analyses, examining the subsample of participants with only ODD (n=15), without comorbid ADHD, further support this idea, as loses temper became the central symptom of ODD (see online supplementary material). This is in line with recent longitudinal work suggesting DMDD symptoms are often components of other disorders, particularly ODD (Mayes et al., 2015) . Of course, DMDD cannot be diagnosed until age 6, so it will be interesting to statistically examine symptom networks of both DMDD and ODD in older children to better understand what, if anything, differentiate the disorders.
Of course, the current study is limited in its focus on one measure, one age range, and lack of external validation measures. These are important directions for future work and replication initiatives. Additionally, it is possible that the variability in reporters and ADHD comorbidity within the small sample might have influenced the outcome. Exploratory analyses on the ODD only group, however, suggest results remain largely consistent in individuals without comorbid ADHD (see supplementary online material). Results of the current study support a three-cluster conceptualization of ODD and suggest the importance of angry as being a driving symptom, perhaps serving as a useful intervention target. Subgroup differences based on chi-square or ANOVA with follow-up LSD post hoc tests indicated with like superscripts. Family income modes: 0=annual income less than $20,000, 1=between $20,000 and $40,000, 2=between $40,000 and $60,000, 3=between $60,000 and $80,000, 4=between $80,000 and $100,000, and 5=over $100,000 annually. (P)=Parent report. (T)=Teacher report. 
